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ABSTRACT 
 

 

Nowadays, the application that use of Electro Hydraulic Actuator (EHA) system in 

the industrial sector has been widely applied. This is because the system produces high 

power to weight ratio, smaller size, and faster responds than existing CHA (Conventional 

Hydraulic Actuator) system. The EHA system has been developed to replace the CHA 

system that has some problem such as leakage of the working fluid, maintenance load, heavy 

weight and limited installation space. However, the system of EHA system has produced 

nonlinearities and uncertainty characteristic. Therefore, to improve the performance, the 

parameter require to compensate the changes in EHA system. In this project, PID and LQR 

control tuning using PSO (Particle Swarm Optimization) by using Matlab coding. Other than 

that, the transient of performance in term of settling time, rise time and overshoot will be 

determine by compare both controllers. The performance index, integral of time square error 

(ITSE) will be used in optimization technique in order to find suitable parameter for PID and 

LQR. The last chapter, will be discussed which controllers will gives are better performance 

between PID and LQR with more precision and flexibility.   
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ABSTRAK 
 

 

Pada masa kini, aplikasi yang menggunakan Elektro Hidraulik Penggerak sistem 

dalam sektor perindustrian telah digunakan secara meluas. Kerana system ini menghasilkan 

kuasa yang tinggi kepada nisbah berat, saiz yang lebih kecil, dan tindak balas lebih cepat 

daripada Hidraulik Konvensional Penggerak sistem yang sedia ada. Sistem Elektro 

Hidraulik Penggerak telah dibangunkan untuk menggantikan sistem Hidraulik Konvensional 

Penggerak yang mempunyai beberapa masalah seperti kebocoran bendalir kerja, beban 

penyelenggaraan, berat dan ruang pemasangan yang terhad. Walau bagaimanapun, system 

Elektro Hidraulik Penggerak telah menghasilkan parameter tak lelurus dan ciri-ciri yang 

tidak menentu. Walaubagaimanapun, system EHA ini telah menghasilkan system tak 

terlelurus dan ciri-ciri yang tidak menentu. Oleh itu, untuk meningkatkan prestasi, 

memerlukan imbagi parameter kepada perubahan dalam system EHA. Dalam projek ini 

Proportional Integral Derivative (PID) and Linear Qudratic Regulator (LQR) telah 

digunakan pada Particel Swarm Optimization (PSO) dengan menggunakan kaedah Matlab. 

Selain itu,prestasi sementara akan dinilai dari segi peratusan terlajak waktu penyelesain, 

waktu naik dan ralat keadaan mantap akan dikenal pasti untuk pembandingan kedua-dua 

kawalan. Indeks prestasi, Integral Time Square Error (ITSE) akan digunakan dalam dalam 

teknik optimum untuk mencari parameter yang sesuai untuk kawalan PID dan LQR. Di bab 

yang terakhir, akan dibincangkan kawalan yang mana akan memberi percapain percapain 

yang terbaik diantara PID dan LQR dengan lebih fleksibel dan lebih tepat. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Introduction 

 

Nowadays, the application Electro Hydraulic Actuator (EHA) has been widely used 

in the industrial sector. This is because the system produces high power to weight ratio, 

smaller size, and faster responds than existing CHA (Conventional Hydraulic Actuator) 

system. The EHA system has been developed to replace the CHA system that identified to 

cause a problem such as leakage of fluid during working with involve big and heavy 

equipment that applies with CHA or running the application, high maintenance cost part that 

applies in CHA heavy and limited space for installation. Moreover, the performance of the 

EHA system in term of position control requires an accurate EHA to determine the position 

and robustness of the controller. Besides that, the system need to develop and make sure that 

robustness and tracking accuracy is significant with desired output. However, the system 

with application of EHA system has produced nonlinearities and uncertainty characteristic. 

These effects emerge from the friction and internal fluid leakage system. To perform the 

performance of EHA, a suitable controller need to be designed in order to achieve the desired 

output of the system. The output response of two different type of controller will be applied 

to EHA system. The LQR and PID will be designed as a controller of the nonlinearities and 

uncertainties to improve the performance of the EHA system. Optimization technique 

Particle Swarm Optimization (PSO) technique will be use in this study to optimize the 

parameters of LQR and PID Controller. 
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1.2 Motivation 

 

The application of EHA system technology has spread into many different fields 

including robotics, aircraft, manufacturing system and etc. Due to higher performance of the 

EHA system in term of position and pressure the nonlinearities and uncertainties 

characteristic have to be considered. The intelligent controller tuning will be used in the 

EHA system to improve the performance of the EHA system. Optimization technique will 

be used in this project to acquire the best parameter tuning. PID and LQR were chosen to 

apply in the Electrohydraulic Actuator system. The advantage of using PID which is having 

a wide range of application in industrial control while the advantages of LQR is the system 

always be stable and robust. 

 

 

1.3 Problem Statement 

 

An Electro Hydraulic System is one of important application in the industrial sector 

and engineering practice. The advantages of EHA system its high power to weight ratio and 

stiffness response being good, smooth and fast. However the EHA system has a problem in 

terms of friction and internal fluid leakage. It happen because the system is highly nonlinear 

[8]. Other than that, the effects of nonlinearities and uncertainties will degrade the 

performance of the system in terms of robustness and tracking performance. Hence proper 

selection of controller are crucial at which it will improve the performance since the 

performance of EHA will degrade the controller. The parameter required a change to 

compensate the changes in EHA system. Manual trial that still being used nowadays are not 

efficiency  because trial and error method not good technique if the problems situation 

doesn’t gives multiple changes to find a solution and sometime need to repeat many times 

to get best parameter. Hence this project will use the optimization technique to tune the 

selected controller parameter. 

 

 



3 
 

1.4 Objective of Project 

 

The aim of this project is to obtain the parameter for the LQR and PID tuning for Electro 

Hydraulic System (EHA) using optimization technique. Therefore the objectives are. 

1. To implement LQR and PID controller to EHA system and tune controller parameter 

using PSO. 

2. To compare system performance in term of index, Overshoot, Settling Time, Rise 

Time and precision of the controller. 

 

 

1.5 Scope of project 

 

In order to achieve the objective of the project, several scopes of project have been outlined:  

 The LQR and PID controller are chosen as the controller of the nonlinearities and 

uncertainty model of EHA system. 

 The LQR and PID parameters will be tuned using optimization technique which is 

Particle Swarm Optimization. 

 ITSE will be used as the performance index to the system performance for both LQR 

and PID will be compare in term of performance index response (Settling Time, Rise 

Time and Overshoot) and precision. 

 All simulation work will be shown using MATLAB software. 

 

 

1.6 Project outlines 

 

This report basically divided into five chapters which is chapter 1 is an introduction, 

chapter 2 is a literature review, chapter 3 is a methodology, chapter 4 is a result and 

discussion and lastly chapter 5 is a conclusion and future works.  
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Chapter 1 will introduces the readers with the basic aspect of the research done, such 

as the overview of the electrohydraulic actuator system, problem statements, objective and 

scopes of the project. Chapter 2 will reviews the basic principle of the system, related 

previous work and other reviews related to this project. Chapter 3 will show the flow of the 

study and methodology related to this study. Chapter 4 will present the result of the system 

performance by using LQR and PID controller by using PSO. Both of the controllers will be 

tested with disturbance. Chapter 5 consist of the conclusion based on the overall works and 

results and include some future improvement that can be done in the system. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 Introduction 

 

 This chapter describes the literature review for Electro Hydraulic Actuator (EHA) 

system. This stage will review related previous work and other related to this project which 

are EHA system background, EHA system operation, control strategy in the EHA, 

application for EHA system, controller of EHA systems and lastly optimization technique. 

The observation from this chapter will determine for the next chapter is a methodology. 

 

 

2.2 Electro Hydraulic Actuator (EHA) System Background 

 

2.2.1 Description of EHA System Background. 

 

 An Electro Hydraulic Actuator (EHA) system is driven systems are central factors in 

industrial process and engineering practice. Electro hydraulic actuator system has been 

widely used in industry because of a like large dynamic system to guarantee the performance 

of the system [1]. It is because the system working under high speed condition and fulfil the 

requirement of standard industry ,include their ability to produce large force at high speed 

during durability and stiffness and their rapid response[2], [3]. However, the system is faster 

responding than the existing conventional hydraulic actuator (CHA) system [4]. The system 
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that is being applied in CHA commonly used as power units. In addition, ability to generate 

very large power compared to their size. The basic function of CHA is to transfer the working 

fluid and an actuator. Devices that creates a mechanical motion by converting into various 

form of energy into mechanical energy known as actuator. The problem are faced in CHA 

system firstly is environmental. The leakage of the working fluid maintenance caused the 

pollution. In addition, the leakage occurs when high pressure during working fluid. It is 

between joint of pump, fluid conduits, manifold and fluid conduit. Secondly, the problem is 

heavy weight. Many parts of hydraulic system are more expensive. It is because the 

requirement to build and construct need a powerful pressure to operate the requirement 

system. Lastly is the limited space consumption system CHA. Basically, the system consists 

of many components and valves to operating. It necessity to improve the system of CHA 

like size, system maintenance and environmental pollution. EHA system was developed to 

replace the role of the CHA system with the best performance of the EHA in terms of 

position, force or pressure is needed [2]. 

 

 

2.3  EHA System Operation 

 

The main components of EHA system include an electrical motor, pressure and 

position sensors, a bidirectional gear pump, a symmetrical actuator and an accumulator sub-

circuit [5] based on Figure 2.1. The EHA uses a bi-directional, fixed displacement gear pump 

to supply oil to the actuator. The function of the electric motor to generate the flow rate by 

rotating the motor. The pressure that generated by flow rate will changes the position of the 

piston rod and also varying the speed of the motor. It is because when the flow encounter a 

resistance such as an actuator, the pressure on fluid will increase [6].The symmetrical 

actuator is connected with an external load. In addition, the motion of load can be control. 

The useful part to influence load is a motor, by controlling the speed of the electrical motor. 
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Figure 2.1: Schematic of the EHA hydraulic circuit [5]. 

 

 

2.4 Control Strategy in the EHA 

  

The EHA position control system consist two hydraulic sub-circuit. Which is, outer 

loop and inner loop, as shown in Figure 2.2. Outer-circuit connected to the symmetrical 

actuator and an inner-circuit with low-pressure accumulator [6]. Inner loop for control the 

angular velocity control of the servo motor or pump and outer loop for the position control 

of the piston [4].Inner loop is an important process because it regulate the electric motor to 

provide an accurate control into the pump flow. In addition, the friction occurred at pump-

motor interface when flow control strategy desensitizes the system into dead-band. The outer 

loop is an important part in EHA system and to improve the performance and robustness of 

EHA in term of the position control system. 

 

 

Figure 2.2: Control Block Diagram for the EHA [6]. 
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2.5 Application for EHA System. 

  

The use of EHA has spread into many different fields due to their advantages. 

Recently, with the research and development of the hydraulic control has been developed 

and used widely in many applications such as manufacturing system, material testing 

machineries, fatigue testing, flight simulation, paper machines, ship and electromagnetic 

marine, robotics, and steel and aluminums mill equipment [7]. 

The ability of EHA system such as high power to weight ratio, fast and smooth 

response characteristic, accurate positioning of heavy load, stiffness response and good 

power capabilities have increased the number use of EHA in industries. For an example 

injection molding machines as shown in Figure 2.3. Injection molding machines have several 

steps that needed to produce a product. The step is clamping, injection, dwelling, cooling, 

mold opening and removal of products. This method is suitable for production that produces 

with complicated shapes. Moreover, EHA system is the best way to implement in this 

method. This is because EHA produces high power to weight ratio and also accurate 

positioning for plastic processing. In addition, application of wind turbine also implement 

EHA system. The fundamentals and principles of hydraulic system used for wind turbines, 

such as for pitch control, yaw control, braking and cooling or filtration systems. For pitch 

control system, the function is to adjust the pitch turbine blade angle based on Figure 2.4. 

Basically, the technical feature electrohydraulic pitch control system is precision control, 

high level of integration, compact design, reliable fail-safe function, integrated safety 

function and high positioning forces. 

 

 

Figure 2.3: Injection Molding and Die Casting Machines [21]. 



9 
 

 

Figure 2.4: Wind turbine circuit diagram [21]. 

 

 

2.6 Control of EHA System. 

  

The ability of EHA system, the system become one of the important drive system 

and play an important role to implement in application in industries. However, the 

constraints that appearing in EHA system will interrupt the application of the hydraulic 

control system. The internal and external disturbance that yields the nonlinearities and 

uncertainties in hydraulic control system. [8]. Thus, this effect will contribute disturbance of 

performance and degrade the system. To avoid the nonlinearities and uncertainties in EHA 

system, improve the control performance of EHA by designing a robust controller to 

compensate the nonlinear behavior of hydraulic system. Although EHA has uncertainty and 

nonlinearities problem, many researchers have conducted research on performance EHA, 

due to its advantages. 

Examples of robustness controller that have been applied to EHA system have been 

reviewed. Many advanced control techniques have been used by researchers, but in this 

thesis only a few control systems will be discussed. 
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2.6.1 Proportional, Integral and Derivative (PID)  

 

PID known as Proportional, Integral, and derivative or any combination controller. 

PID can be implemented in a wide variety of operating systems because of their functional 

simplicity and reliability. PID controller is designed for controlling the position of the 

actuator and potential to cope with physical uncertainties and external disturbances[9].  In 

[32] state that PID controller using tuning method are given better performance compare to 

conventional PID and it give good performance in term of  give less overshoot and less 

setting time. The PID controller can be tune without approximately model .The ability of 

PID system can be improve the transient response of the system such as overshoot, rise time, 

settling time and steady error by tuning parameter PID. 

 

u(t)  = KPe(t) +  KI ∫ 𝑒(𝑡)𝑑𝑡 + 𝐾𝐷 
𝑑 𝑒(𝑡)

𝑑𝑡

𝑡

0

 
  

(2.1) 

 

From the formula PID, e (t) is error, u (t) is the controller output and Kp, Ki and Kd 

are the parameter of PID based on equation (2.1). Based on Table 2.1, the comparison 

between Kp, Ki and Kd to the effect of controller applied on a closed loop system. 

Table 2.1 Comparison between Kp, Ki and Kd 

 

 The advantage of using PID which is simple control structure that easy to understand 

by plant operator and found relatively easy to tune. In addition, a system using PID has 

proven satisfactory and also have a wide range of application in industrial control. 
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2.6.2 Fuzzy Logic Controller 

 

The new approach of controller, to overcome the uncertainties and nonlinear problem 

the fuzzy controller were applied to EHA system. A few of research toward on fuzzy logic 

control has been done and utilized such as fuzzy with PID and adaptive PID control using 

fuzzy [17]. Jun et. al [25] presented fuzzy logic self – tuning PID controller to a nonlinear 

characteristic system for regulating brushless DC motor (BLDC) of EHA system. The 

nonlinear characteristic that occur such as saturation of the motor power and dead zone due 

to the statistic friction. The results show, when the Fuzzy controller implemented in EHA 

system, it can achieve fast response ability without overshoot. In addition, representing, 

manipulating and implementing a human heuristic knowledge for formal methodology can 

be provided to control a system performance [8]. 

 

 

Figure 2.5: The fuzzy logic controller block diagram [8] 

 

Four main components in fuzzy controller is Fuzzification, Inference Mechanism, 

Knowledge Base and Defuzzification based on Figure 2.5. The table is shown in Table 2.2 

shows the every single function fuzzy logic controller block diagram. 

 

 

 


